African swine fever (ASF), one of the most important diseases of swine, has been endemic in the Italian island of Sardinia for more than 35 years. During these decades, several strategies and eradication efforts have been implemented in the island with limited success. Strong climatic and ecological similarities exist between Sardinia and one area of the Iberian Peninsula where Ornithodoros erraticus ticks were involved in the persistence of ASF from 1960 to 1995. This fact leads to the hypothesis that, potentially, Ornithodoros ticks could be also involved in the ASF cycle in Sardinia, thus accounting for some of the reoccurring ASF outbreaks in this island. Initial efforts aimed at detection of Ornithodoros ticks in Sardinia were performed during the 1970s/1980s with no positive results. Accordingly, the absence of Ornithodoros ticks in Sardinia has been generally accepted. However, since a new and reinforced ASF eradication programme has been recently launched in Sardinia, it is essential to clarify the presence and role of these soft ticks in the epizootiology of ASF in this island. For that purpose, 1767 porcine serum samples collected from all around the island (1261 from domestic and 506 from wild boar) were analysed by ELISA for antibodies to salivary antigens of Ornithodoros erraticus. In addition, Ornithodoros ticks were directly searched in a number of pig premises that have suitable habitats for these ticks and were located in areas repeatedly affected by ASF. Only one serum sample resulted positive in the serological assay, and no Ornithodoros ticks were collected in none of the premises. These results indicate that these soft tick species are not involved in the epizootic cycle of ASF in Sardinia and highlight the importance of controlling other risk factors still present in the island for effectively eradicate the disease.
Introduction
African swine fever (ASF), a notifiable viral disease of swine, is threatening the swine industry worldwide. The ASF virus (ASFV) was first discovered in 1921 in the African continent, where it still remains endemic affecting many sub-Saharan countries. In 1957, ASFV was introduced in the Iberian Peninsula (Spain and Portugal) persisting for more than 30 years until the eradication of the disease in 1995 (Arias and S anchez-Vizca ıno, 2002) . During 1970s and 1980s, ASFV escaped several times from the Iberian Peninsula, causing outbreaks in western European countries (i.e. France, Belgium, Italy and the Netherlands), as well as in South and Central American territories (i.e. Dominican Republic, Haiti and Brazil). Molecular epidemiological studies confirmed that hypothesis, as all ASFV isolates from those territories belong to the same genotype present in Iberian Peninsula at that time (p72 genotype I, p54 subgroup Ia) (Gallardo et al., 2009) . ASF was successfully eradicated from all those areas except from the Italian island of Sardinia, where it has been uninterruptedly present since 1978 (S anchez-Vizca ıno and Arias, 2012) . In 2007, the ASFV was reintroduced in eastern Europe and spread quickly to neighbouring territories (S anchezVizca ıno et al., 2013), until it finally reached European Union (EU) border in 2014, causing serious concerns in neighbouring areas.
During these nearly four decades of ASFV presence in Sardinia, some studies have been performed to identify the factors responsible for the persistence of the virus in the island. These studies suggested that, among others, the wild boar affected population, the poor biosecurity conditions of small size pig premises and, importantly, the pig breeding under illegal conditions were the main factors responsible for such a long time maintenance of the ASFV in Sardinia (Mur et al., 2014; Mart ınez-L opez et al., 2015) . The spatial-temporal analysis of recent ASF epidemics revealed interesting differences between disease presentation in domestic pigs versus wild boar population, highlighting the secondary role of wild boar in ASF transmission in Sardinia and the importance of previously mentioned sociocultural factors (Iglesias et al., 2017) .
In contrast, the presence and potential role of other wellknown risk factors, such as the presence of soft ticks of genus Ornithodoros, have not been demonstrated up to day in the island. Several species of Ornithodoros ticks are known to be extremely effective reservoirs and vectors of ASFV, maintaining and transmitting the disease for long periods of time (up to 5 years of virus survival) (Boinas et al., 2011) . In particular, the presence of Ornithodoros erraticus ticks in southern regions of the Iberian Peninsula played an important role in the recurrence of ASF outbreaks in affected premises and greatly complicated the eradication of the disease in that area (S anchez-Bojita, 1963) .
The strong similarities in climate, landscape and pig breeding practices between Sardinia and the ASF-affected areas of the Iberian Peninsula suggested that Ornithodoros ticks could be also involved in the ASF cycle in Sardinia. Accordingly, since the very beginning of control programs in Sardinia in 1982 (Regione Autonoma de la Sardegna [RAS], 1982) , several studies investigated the presence of these soft ticks in the island, although none of them detected tick specimens. Specifically, a field study performed during the 1980s could not find any Ornithodoros tick in any of the 357 holdings examined in 20 different districts in the province of Nuoro (ASF endemic region in Sardinia) (Ruiu et al., 1989) . In addition, an extensive direct field inspection of mammal burrows and other suitable tick refuges conducted by Dr. A. Encinas-Grandes in 1988 also failed in finding Ornithodoros specimens (unpublished results).
The negative results obtained from these field studies led to the hypothesis that Ornithodoros ticks were absent from the island, and consequently, it was assumed that this tick species was not involved in the epizootic cycle of ASF in Sardinia (Costard et al., 2012; Manzano-Rom an et al., 2012; Boinas et al., 2014) . Nonetheless, given that no additional studies confirming this hypothesis have been performed since the 1980s, some uncertainty remains in the scientific community about the potential presence and role of Ornithodoros ticks in the ASFV persistence in Sardinia.
Bearing in mind all the afore mentioned and the fact that a new reinforced eradication plan has been recently launched in Sardinia (Regione Autonoma de la Sardegna [RAS], 2014), it is essential to definitively elucidate the presence of Ornithodoros erraticus ticks in the island and their role, if any, in the ASF epizootiology to adequately adapt/modify the current measures for ASF control.
Materials and Methods
To clarify the presence and potential role of Ornithodoros ticks in Sardinia, a two-step study was developed during 2013-2014. Firstly, a serological assay was employed for screening the levels of immune response of the pig population (domestic and wild) in Sardinia against the salivary antigens of O. erraticus. Once the serological survey was carried out, direct tick searching activities will be performed in those pig farms with positive serum samples to confirm the presence of Ornithodoros ticks in them. As the collection and analysis of serum samples is a much feasible and less cumbersome method than direct tick searching in the field (P erez-S anchez et al., 1992; Boinas et al., 2014) , a serological assay was used as the method of first choice in this study, to analyse as many pig farms as possible.
Serological surveillance of O. erraticus
A serological survey for antibodies to O. erraticus salivary antigens was carried out among the domestic pig and wild boar populations of Sardinia during 2013-2014. Specifically, domestic pig sera were collected during the surveillance activities of ASF eradication plan (February to April 2013), whereas the wild boar samples were from the hunting boar season held from October 2013 to January 2014. Serology was performed by ELISA using the soluble fraction of a salivary gland extract of O. erraticus as coating antigen (formerly named as SGE-2 and currently as SGE), which provides 100% specificity and sensitivity with experimentally infested pigs, decreasing to a 90% in field conditions according to the protocol by . Minor modifications of the original protocol were carried out to improve its performance; namely, dilution and incubation time of the secondary antibody were adjusted to 1/4500 and to 45 min, respectively; the ortho-phenylenediamine (OPD) substrate was substituted by SureBlue Reserve (TMB) from KPL (Gaithersburg, MD, USA), as the last one offered better discrimination between positive and negative control and reduced inter-assay variability.
Serum samples obtained from commercial breed pigs (large white x landrace) naive (negative control) and experimentally infested with O. erraticus (positive controls) were included in all the ELISA plates. In addition, serum samples from 25 pigs never bitten by ticks (from certified farms, free of ectoparasites and held in animal biosecurity facilities) were analysed and their optical densities were used to calculate the basal reactivity [mean + standard deviation (SD)]. Following Oleaga-P erez et al., 1994 protocol, results were expressed in terms of ELISA index (EI), which was calculated for each sample as its OD divided by the basal reactivity. Samples giving EI higher than five were considered positive for antibodies to salivary antigens of O. erraticus.
A total of 1767 swine serum samples, collected during the ASF surveillance programmes of 2013 and 2014, were analysed. Most of the samples (1261, 71.4%) were obtained from domestic pigs located at 360 different premises in 115 different municipalities throughout the eight Sardinian provinces. Additionally, 506 samples (28.6%) from wild boar were collected in 71 different municipalities, which were mainly located in the areas of the island with the highest densities of wild boar (Fig. 1a) . Sampling efforts were higher in Nuoro and Sassari provinces because those are the areas where ASF has been most frequently reported during the last decade (Fig. 1b) , and they also concentrate a high number of pig premises (Fig. 1c) , most of them of small size and low biosecurity conditions (Mur et al., 2014) where O. erraticus ticks could be potentially present.
Tick searching activities on selected farms
Direct tick searching activities would be performed in a number of selected farms where positive serological results were obtained, during the summer months, as this is the season when tick activity peaks . This tick usually colonizes underground or protected habitats (cracks, crevices and holes), being most commonly found in dry-stone or adobe walls of traditional pig housing (Boinas et al., 2014) . Hence, in the absence of positive serological results, the farms where tick collection activities would be performed would be strategically selected based on the following criteria: (i) the presence of traditional stone constructions, which could provide adequate habitats for Ornithodoros (Figs 2a and b) ; (ii) pigs hold outdoor with potential contact with this type of construction; (iii) small size farms (less than 10 pigs) and (iv) located in municipalities with historical presence of ASF outbreaks. Inspection included a visual examination to look for any possible tick refuge in the soil, walls and roof of the pig housing and, after that, the installation of a carbon dioxide trap (Figs 2c and d) according to the protocol of Caiado et al. (1990) . Carbon dioxide traps were left in place overnight, the trays were recovered next morning, and any arthropod present was collected in hermetic containers for their analysis and identification in the local laboratory.
Results and Discussion
Although this serological test was widely used in Spain (Canals et al., 1990; P erez-S anchez et al., 1994) , this is the first time that a serological test is used in Sardinia to evaluate the presence of O. erraticus. This serology assay played a very important role in the last phases of the Spanish eradication programme, when ASF persisted in limited areas of the territory due to the presence of soft ticks and uncontrolled wild boar populations among others. At that time, the use of this test facilitated the identification of premises where O. erraticus was present, and where strict control measures should be applied including the ban of repopulating (Arias and S anchez-Vizca ıno, 2002) .
The 25 pig serum samples from certified farms free of ectoparasites gave a mean OD AE SD of 0.33 AE 0.07, thus setting a basal reactivity of 0.40 corresponding to an EI of five. Among the 1767 serum samples analysed, only one serum presented an EI higher than 5 (5.19), thus being the unique positive sample of the study. This sample corresponded to a domestic pig from a pig premise located in Corraledu (Guspini Municipality, Medio-Campidano province). Interestingly, none of the other 46 samples analysed from the same premise were positive to the ELISA assay. This fact strongly suggests that this serum was giving a false-positive result, which is far below the range of unspecificity of this antigenic extract in field conditions (<10%) (P erez-S anchez et al., 1992; Oleaga-P erez et al., 1994) . The reported unspecificity of this antigen was not considered an important inconvenient in this study, as our objective was to maximize the likelihood of finding any tick present. Therefore, a serial application of tests was initially planned, firstly by serology and afterwards by confirming the serology with the direct searching of the ticks in the field to confirm positive serological results.
Serum samples from domestic pigs were obtained during the ASF eradication campaign sampling (February to April), which is not the ideal period for the detection of antibodies against those ticks, that present their maximum activity during summer months. However, considering that these ticks become active when minimum temperatures reaches 10-13°C (Boinas et al., 2014) , that those antibodies anti-ticks persist long time in blood (up to 5-6 months) (Encinas Grandes et al., 1993) and the warm weather of Sardinia (minimum temperatures higher than 10°C from March to November or even December in some areas) (Atlante climatico, 2015) , if Ornithodoros ticks were present and had bitten pigs, antibodies against them should have been still present during the sampling period.
Nevertheless, the distribution of EI values revealed a very low reactivity of the sera (Fig. 3) , with 75% of the analysed samples presenting EI values below 1.37. These values are considerably lower than the values reported by Oleaga-P erez et al., 1994 in Spain for pigs coming from farms without of O. erraticus (i.e. 36% of analysed samples presented an EI between two and three).
The aggregated analysis of EI values per province (Fig. 4 ) revealed that Nuoro, the area traditionally considered as the endemic zone for ASFv, was the province with the second lowest average reactivity against Ornithodoros antigens. In contrast, in Medio-Campidano, the municipality where the false-positive serum was found, no ASF outbreaks have been reported for the last 10 years. These results suggest that the levels of background reactivity shown in the ELISA are not related with ASF persistence in the region, which is in accordance with the previous research efforts performed in Sardinia since 1980 (Contini et al., 1982; Ruiu et al., 1989) . Due to the absence of positive serological results, the field tick searching activities were not linked with serological results, but exclusively performed in targeted premises where favourable habitats for Ornithodoros ticks were known to be present (Fig. 2) . During the summer of 2013, six farms/premises were examined for tick presence, and in the following summer (2014), three of those farms were revisited and traps were placed again. Overall, more than 20 traps were placed in the six different holdings located in five different municipalities. Numerous insect specimens were collected from all the traps and founded in craves of the pig holdings. However, no Ornithodoros specimens were found in Sardinia during field collection activities confirming the results of the serology including the presumed false positivity of the serum giving EI = 5.19.
The importance of this study is nowadays critical when the new eradication programme is starting, and control measures are being adapted to current epidemiological scenario. As a whole, all the about data confirm the hypothesis that O. erraticus is absent from Sardinia and that it does not participate in the epizootic pattern of ASF. Therefore, eradication efforts should not include additional control measures on ticks but focus on other factors present in the island that were clearly demonstrated to be involved in ASF in Sardinia. African swine fever', grant agreement 311931). Lina Mur had a scholarship (FPU programme) from the Spanish Ministry of Education and received a scholarship for a short stay in Sardinia, which partially allowed the development of this study. Authors acknowledge the work of all the colleagues at the Osservatorio Epidemiologico in Cagliari and IZS-Nuoro, as well as the premises that gently accepted the placement of tick traps.
